Objective: Controlled removal of cerebrospinal fluid (CSF) by serial tapping of ventricular reservoir, such as the McComb reservoir, is an effective way to decompress the ventricular system in preterm infants with rapidly progressing post-hemorrhagic ventricular dilatation (PHVD) while awaiting optimal conditions for permanent CSF drainage through a ventriculo-peritoneal shunt. However, the data regarding the risk of infection from repeated invasive tapping of a ventricular reservoir over a prolonged period are scarce. The aim of this study is to determine the incidence of ventricular reservoir infection from repeated tapping and to evaluate how often reservoir infection accompanies blood culture-proven sepsis in preterm infants with PHVD.
Introduction
Progressive post-hemorrhagic ventricular dilatation (PHVD) occurs in approximately 25% of preterm infants with intraventricular hemorrhage (IVH). 1, 2 Progressive ventricular dilatation may increase cerebral vascular resistance, decrease cerebral perfusion, and compresses brain parenchyma, causing damage to periventricular white matter and may accentuate the hypoxicischemic injury already sustained. 3 Direct ventricular decompression preferably with early placement of a ventricular reservoir followed by controlled removal of cerebrospinal fluid (CSF) by serial tapping of the ventricular reservoir before the ventricular dilatation becomes severe is sometimes necessary and may be associated with better outcome. 4 A ventricular reservoir, such as the Rickham or McComb reservoir, can be tapped repeatedly for weeks to decompress the ventricular system while awaiting optimal conditions for permanent CSF drainage through a ventriculo-peritoneal (V-P) shunt. Although the ventricular reservoir is effective for the management of rapidly progressing PHVD in preterm infants, [5] [6] [7] limited data are available regarding the risk of serial invasive tapping of a ventricular reservoir over a prolonged period. One of the major concerns has been the occurrence of reservoir infection from repeated tapping. 8 Furthermore, the presence of foreign body such as a surgically implanted device in a premature infant with an underdeveloped immune system may itself increase the risk of systemic sepsis. Systemic infection, common in extremely preterm low birth weight infants during stay in the neonatal intensive care unit, can cause secondary contamination of the surgically implanted device leading to central nervous system infection. As reservoir infection in the neonate can have such dire consequences, the rate at which reservoir infections occur is thus an important determinant in the efficacy of this therapy. Indeed, concerns for both reservoir infection from repeated tapping and secondary infection of the reservoir during systemic sepsis in preterm infants with PHVD may act as a barrier for early placement of reservoir. Such delay in reservoir placement may result in potential consequences of accentuating the damage to periventricular white matter.
We hypothesized that ventricular reservoir infections could be minimized if adequate aseptic precautions were taken during the tap and sought to determine ventricular reservoir infection rate, with repeated taps performed with strict aseptic precautions, by pediatric house officers. We also evaluated how often reservoir infection accompanied blood culture-proven sepsis in preterm infants with PHVD.
Methods
In this retrospective observational study, medical records of all infants receiving ventricular reservoir (a reservoir tunneled into a subcutaneous pocket with the other end of the catheter inserted into the ventricle) placement at the University of Michigan, from January 2000 through June 2007, were reviewed. Included in the study were preterm infants with PHVD receiving serial McComb reservoir taps for management of hydrocephalus. The decision regarding the need for placement of a ventricular reservoir was made by the Pediatric Neurosurgery team. The decision was primarily based on progression of PHVD on twice weekly cranial ultrasonography in infants with PHVD, in addition to the presence of tense fontanelle and hemodynamic or respiratory events, if any. No ventricular punctures were carried out, but serial lumbar punctures were occasionally performed before placement of the reservoir. Infants who had reservoir placement secondary to post-meningitic hydrocephalus or structural congenital anomalies, such as Chiari malformation, Dandy-Walker syndrome, and central nervous system tumors, were excluded. The study was approved by the Institutional Review Board at the University of Michigan.
The protocol for surgical implantation of the reservoir included preoperative antibiotics (Ampicillin/Gentamycin, Vancomycin, or Cefazolin), rigid adherence to a four step surgical skin preparation, double gloving by all members of the operative team, and minimization of operative traffic during the case. Surgical incisions were planned such that the implanted device would not lie directly beneath the incision, but rather posterior to it. The wound in the scalp was always thoroughly irrigated with bacitracin solution and then the wound was closed in anatomic layers with Vicryl for the galea and absorbing sutures for the skin. Approximately 10 ml of CSF were withdrawn at device placement, such that the fontanelle was decompressed at the conclusion of the procedure.
Serial reservoir taps were performed with aseptic precautions as described below by the pediatric resident responsible for the care of the infant, with the supervision of the neonatal intensive care unit attending physician. The decision regarding the volume of CSF to be aspirated with each tap and the frequency of reservoir tapping was made by the Pediatric Neurosurgery team. The efficacy of reservoir tapping was assessed with monitoring of ventricle size on twice weekly cranial ultrasonography. No antibiotics or fibrinolytic agents were administered through the reservoirs. Surveillance CSF cultures were sent on a weekly basis as per unit practice or when clinical sepsis was suspected.
Our unit strategy was to perform serial reservoir tapping until the preterm infant attained a weight of at least 2000 g, and the CSF protein level was <200 mg per 100 ml. A V-P shunt was then inserted when patients showed continued dependence on repeated taps to contain progressive ventriculomegaly.
Reservoir tap technique
All reservoir taps were carried out with aseptic precautions after prepping the region to be tapped with povidone iodine swabsticks three times, and enough time was allowed during prepping for the iodine solution to dry. No local anesthetics were used during tapping. Sterile gloves and mask were used. The butterfly needle used for the tap was inserted at a 45-degree angle under the skin into the ventricular reservoir, and then moved into a 90-degree position. CSF was slowly withdrawn at a rate of 1 ml per minute, while heart rate, oxygen saturation, and respiratory rate were monitored. The needle was removed after CSF aspiration and gentle pressure was applied to the scalp with sterile gauze for 3 to 5 min until hemostasis was achieved. The registered nursing staff cleaned up the povidone iodine with sterile gauge soaked in normal saline after the hemostasis period was over.
Data acquisition. In addition to demographic details, the data included indication for reservoir placement, the age at reservoir placement, details of perioperative prophylactic antibiotic use, total number of reservoir taps, positive culture of CSF obtained from reservoir, if any, the nature of the organism and, positive blood cultures, specifically with accompanying culture of CSF from the reservoir. Morbidities and long-term outcome related to ventricular reservoir were also recorded.
Reservoir-tapping-related infection was defined as the presence of a positive CSF culture obtained from the reservoir during serial tapping >7 days after surgical placement of the reservoir.
Results
Ventricular reservoirs were surgically placed in 35 infants during the study period for management of hydrocephalus. Six infants (17%) were excluded, because the indications for ventricular reservoir in these infants were post-meningitic hydrocephalus in three, optic glioma in one, encephalocele in one, and in one infant the CSF culture specimen obtained during reservoir placement was positive. The remaining 29 infants had ventricular reservoir placement for PHVD. Only 2 of the 29 infants were born at term gestation; the rest of the infants were preterm and very low birth weight (birth weight p1500 g). The maximum grade of IVH in infants preceding development of PHVD was grade IV in 15 (52%), grade III in 11 (37%), and grade II in 3 (11%). Demographic and clinical details of the study infants with ventricular reservoir are shown in Table 1 .
Morbidities and outcomes related to ventricular reservoir
Serial tapping of ventricular reservoir was performed on 681 occasions in 29 infants with PHVD. The average number of reservoir taps performed per patient was 24 before the placement of V-P shunt or before back transfer to the referring hospitals. There were no cases of CSF culture-proven reservoir infection related to repeated taps. In one infant, the CSF culture became positive for Candida albicans with a concomitant negative blood culture in 5 days after surgical placement of the reservoir, and this was considered to be surgery-related reservoir infection.
Skin breakdown and CSF leakage at the reservoir site was present on postoperative day 1 in one infant, with no signs of infection, and negative CSF cultures. The incision was reinforced with Steri-strips and no further leakage occurred. There were no cases of reservoir obstruction, displacement, or tapping-associated bleeding.
Twenty-one (72%) of the 29 study infants received V-P shunt for management of PHVD, at a median age of 92 days (range 44 to 169 days) after reservoir placement. Two infants had the ventricular reservoir removed at ages 12 and 13 months, and one is 4 months old at time of data collection and has not yet received a permanent shunt. The infants in whom V-P shunt were not placed were followed for at least 1 year to rule out delayed implant infection. Three infants (10%) died because of causes not related to the ventricular reservoir. Follow-up data was not available in two patients (7%) transferred to other hospitals.
Subsequent to the placement of a reservoir during stay in the NICU, 13 of the 29 (45%) infants with PHVD developed blood culture-proven late onset sepsis with the following organisms: coagulase-negative Staphylococcus (9), C. albicans (2), Escherichia coli (1), and Staphylococcus aureus (1), but all of the accompanying CSF cultures from the reservoir obtained during sepsis workup were negative.
Discussion
Ventricular decompression in preterm infants with PHVD can be achieved through serial lumbar punctures, direct ventricular punctures, external ventricular drainage, ventriculosubgaleal shunt, or placement of a ventricular reservoir. 5, 9 External ventricular drainage carries an exceptionally high risk of infection, and is not routinely recommended. 10 Ventriculosubgaleal shunt placement allows continuous drainage of CSF to a subgaleal pouch. There has been concern that stasis of CSF in the subgaleal space may contribute to colonization of microorganisms with an unacceptably high CSF infection rate after conversion of the ventriculosubgaleal shunt to a V-P shunt. 11 Other invasive methods of managing PHVD are associated with additional risks of infections caused by repeated tapping. The reported infection rate with serial lumbar punctures is 7%, 12 and among ventricular reservoirs, the infection rate from serial tapping has ranged from 4 to 22%. 8, 9, 13 It is difficult to ascertain the cause for such a variable, but high incidence of infection of the ventricular reservoir, as these studies 8, 9 neither mention the protocol for surgical implantation of the reservoirs, nor the details of the aseptic precautions taken during the reservoir taps. In contrast, this study shows that the risk of ventricular reservoir infection from serial taps using aseptic precautions as described above is potentially very low, even when the taps are performed by the neonatology team. This is important as neurosurgeons perform taps exclusively at many institutions, and our data seem to argue that this is not necessary from an infection standpoint. In addition, systemic late onset sepsis in our population of preterm infants with PHVD did not lead to secondary infection of the ventricular reservoir. Our findings of no infants developing reservoir infection despite repeated punctures of the reservoir over a prolonged period are consistent with a low incidence of infection reported by Brouwer et al., 13 but contrary to higher infection rate of 21% reported by Richard et al. 8 in infants with PHVD most of whom also received fibrinolytic agents through the reservoir. None of our study infants, such as the infants reported by Brouwer et al., 13 received pharmacologic agents through the reservoir during serial reservoir taps.
One infant in our series had a positive CSF culture for Candida albicans, obtained from the McComb reservoir, 5 days after placement of the reservoir, and after four taps were performed. For placement of V-P shunts, CSF infections occurring within a week of the procedure are considered to be surgery related.
14 Although we did not consider this case to be a reservoir-tapping-related infection, the true etiology of the infection is difficult to ascertain. Blood culture was negative from the same day of the positive CSF culture. The infant was treated with fluconazole for 6 weeks, the reservoir was removed, and a V-P shunt was placed after subsequent negative CSF cultures.
Ventricular reservoirs are an effective method to ensure controlled removal of CSF over a prolonged period. 6, 7 Early placement of a reservoir alleviates the need for a V-P shunt in some patients (31% in one series), 15 allows the blood clots and debris in the ventricular CSF to clear before the placement of V-P shunt, thereby decreasing the shunt revision rate, and allows the shunt to be placed when the infant is older and larger. 15 Thus, early use of a ventricular reservoir with controlled serial removal of CSF and delayed placement of a V-P shunt, when necessary, seems to be an effective management strategy. This strategy has a low risk of reservoir infection as is evident from our study, therefore possibly providing a better outcome for preterm neonates with PHVD. Hence, concern of reservoir infection from repeated tapping and secondary infection of the reservoir during systemic late onset sepsis should not be a limiting factor against placement of a reservoir.
